(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




inn 


linn 


HDD 


niiiiiiiioiiiiii 


ii mi ii 


mono 



(19) World Intellectual Property Organization 
International Bureau 

■r 

(43) International Publication Date (10) International Publication Number 

9 January 2003 (09.01.2003) PCT WO 03/002582 Al 



(51) International Patent Classification 7 : C07F 15/06 

(21) International Application Number: PCT/KR02/01219 

(22) International Filing Date: 26 June 2002 (26.06.2002) 

(25) Filing Language: Korean 

(26) Publication Language: English 

(30) Priority Data: 

2001/37081 27 June 2001 (27.06.2001) KR 

2002/35467 24 June 2002 (24.06.2002) KR 

(71) Applicant (for all designated States except US): RS TECH 
CORR IKR/KRJ; #306 Venture Town Jangyoungsilgwan, 
1688-5 Sinil-dong, Daeduk-ku, Oaejeon 306-230 (KR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KIM, Geou-Jootig 
[KR/KR]; 13/5, 198-8 Sangdo4-dong, Dongjak-ku, Seoul 
156-034 (KR). LEE, Ho-Seong [KR/KR.]; #506-603 
Expo Apt., Jeonmin-dong, Yusung-ku, Daejeon 305-762 



(KR). KIM, Ho-Cheol [KR/KR]; 16-29 Yeok-ri, Haen- 
gan-myeon, Buan-kun, Jeollabuk-do 579-830 (KR). YUN, 
Jin-Won [KR/KR]; #102-1103 Hyundai Apt., Haso-dong, 
Jecheon-si, Chungcheongbuk-do 390-240 (KR). KIM, 
Seong-Jin [KR/KR]; #607-1504 Yeolmaemaeul, 880 
Jijok-dong, Yusung-ku, Daejeon 305-330 (KR). 

(74) Agent: LEE, Won-Hee; 8th FL, Sung-ji Heights II, 
642-16, Yoksam-dong, Kangnam-ku, Seoul 135-080 (KR). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, Oli, DK, DM, DZ, liC, lili, ES, 11, GB, GD, Gli, GH, 
GM, 11R, 11U, ID, 1L, IN, IS, JP, KH, KG, KP, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NT, OM, PIT, PL, PT, RO, RU, SD, SR, SO, ST, 
SK, ST., TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN, 
YIJ, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 

[Continued on next page] 



(54) Title: NEW CHTRAL SALEN CATALYST AND METHODS FOR THE PREPARATION OF CHIRAL COMPOUNDS FROM 
RACEMIC EPOXIDES BY USING NEW CATALYST 



102.0% T 



oo 

IT) 

o 

rn 

O 



~ 100.0%- 

i 

^ 08.0% • 

1 

© 96.0%' 

I 94.0%- 
.9 

I 92 - 0% 
90.0%- 




3hr 



5hr 



6hr 
Time(hrs) 



7hr 



24hr 



Car of tlie present fnventlon(l-RFH) 
Comparative cat.KGAC contained) 
Comparative caL2(Br contained) 



(57) Abstract: There are provided new chiral salen catalyst, and methods for the preparation of chiral compounds from racemic 
epoxides by using new catalyst. More particularly, there are provided new chiral compounds from racemic epoxides by using new 
catalyst. More particularly, there are provided new chiral salen catalyst which has new molecular structure, which can be recycled 
without any additional regeneration process because the catalyst retains its catalystic activity even after the repeated use, and which 
causes no or little racemization which results from the reverse reaction of the produced chiral compound, and methods for the mass 
production of chiral compounds, which is usefuld as an intermediate for the manufacture of drugs and food additives, from racemic 
epoxides by using the catalyst in an economic manner and with high optical purity. 
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NEW CHIRAL SALEN CATALYST AND METHODS FOR THE 
PREPARATION OP CHIRAL COMPOUNDS FROM RACEMIC EPOXIDES BY 

USING NEW CATALYST 



5 Technical Field 

The present invention relates to new chiral salen 
catalysts and methods for the preparation of chiral 
compounds from' . racemic epoxides by using new catalyst. 
More particularly, the present invention is to provide 

10 novel chiral salen catalysts and their uses for producing 
chiral compounds having high optical purity to be used as 
raw materials for preparing chiral medicines or food 
additives in a large scale economically, wherein the chiral 
salen catalyst having a particular molecule structure can 

15 be reused continuously without any activating process of 
used catalysts and cause no or little racemization after 
the reaction is completed, because it maintains its 
catalytic activity after the reaction process. 

20 Background Art 

Chiral expoxides or chiral 1,2-diols have been widely 
used to prepare pharmaceuticals, agriculture products and 
food additives having optical properties (USP 5,071,8 68; 
Tetrahedron Lett., Vol. 28, No. 16, 1783, 1987; J. Org. 
25 Chem., Vol. 64, 8741, 1999). Even if these chiral epoxides 
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or chiral 1,2-diols having high optical purity are very 
useful compounds industrially, use of these compounds has 
been restricted because the preparation of such compounds 
is too difficult to produce in a large scale with low 
5 manufacturing price and the optical purity, which is an 
important factor in determining the quality of products, is 
insufficient. Because enantiomers have radically different 
biological activity, the FDA has stated that "compounds 
having the same structure and composition are treated as 

10 different compounds if they are optical stereoisomers" so 
that pharmaceutical feedstocks, and fine chemical 
feedstocks must be produced with utmost concern for the 
chirality of the molecules. Generally, the chirality of 
the molecules having higher than 99.5% is acceptable for 

15 the pharmaceutical feedstocks, fine chemical feedstocks, 
and foods additives. 

A preparation method of chiral epichlorohydrins as 
one of chiral expoxides is disclosed using microorganism in 
EP Patent No. 431, 970 and JP Patent Publication Nos . 90- 

20 257895 and 94-211822. However, it is not recommended 
because the productivity is low and it, further, requires 
more than two-step process. Another preparation method of 
chiral epichlorohydrins from chiral sulf onyloxyhaloalcohol 
derivatives obtained from mannitol derivatives is disclosed 

25 in USP 4, 408, 063; and J. Org. chem., Vol 43, 4876, 1978. 
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Another preparation method of chiral epichlorohydrins from 
3-chloro-l, 2-propanediol is also disclosed in Syn. Lett No, 
12 , 1927 , 1999. However, these processes are required 
multi-step syntheses, so that they are also deficient to 
5 use for the industrial purpose. 

Methods for preparing chiral expoxides generally use 
a chiral catalyst having stereoselectivity which hydrolyzes 
stereoselectively only one isomer from racemic epoxides 
mixed 50 and 50 of each isomer and leaves the un-hydrolyzed 

10 isomer in the reaction medium. However, the chiral 
catalyst used for said stereoselective hydrolysis is 
required to be economical, have high stereoselectivity and 
be re-usable without employing activation process, thus 
suitable for the industrial purpose. 

15 Stereoselective hydrolyses of chiral epoxides using 

chiral salen catalyst as a chiral catalyst are recently 
disclosed in Science, Vol. 277, 936, 1997; USPs 5, 665,890, 
5,929,232, 5,637,739, and 5,663,393; and WO00/09463 and 
W091/14694. It has been reported that the use of chiral 

20 salen catalyst provides higher yield with higher optical 
purity compared to uses of other chiral catalysts. 

However, it is reported that after hydrolysis of 
racemic epoxide using said chiral salen catalyst, the 
product chiral epoxide is racemized as time goes in pages 

25 86-87 of WO00/09463. The hydrolysis of racemic epoxides is 
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performed by employing said chiral catalyst and water to 
hydrolyze stereoselectively only one isomer from R and S 
isomers. The unhydrolyzed chiral epoxide is isolated from 
the reaction medium. During the purification process to 
5 isolate the desired chiral epoxide, the racemization is 
caused by the side reaction of hydrolyzed product (chiral 
1,2-diol) due to instability of the chiral salen catalyst. 
Therefore, this method also has a fatal drawback for mass- 
production of chiral compounds. 

10 When this hydrolysis is performed for mass production, 

the racemization of the product becomes deepened since it 
takes longer to perform the distillation to obtain the 
desired product, thus resulting in decrease of optical 
purity of the chiral epoxide. Therefore, the use of chiral 

15 salen catalyst in the production of chiral epoxides is 
limited for the above-mentioned reasons. 

Further, when conventional chiral salen catalysts are 
reused, it requires an activation process after each use 
because activities thereof are rapidly decreased. Even if 

20 the catalyst is activated after used, the optical activity 
of the product prepared by using reused catalyst is 
remarkably lower than that of the product prepared by using 
fresh catalyst. Thus, there is limited to reuse. Such 
problems increase the manufacturing price of producing 

25 chiral epoxides . 
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Consequently, demand to produce chiral compounds such 
as chiral epoxides or chiral 1,2-diols efficiently and 
economically has been highly increased with the importance 
• of such compounds to prepare pharmaceuticals and 
5 agriculture products. 

Especially, in preparing chiral medicines or chiral 
intermediates, it is very difficult or almost impossible to 
further increase the optical purity of the same product 
once it is prepared, or to remove undesired optical 
10 stereoisomer, unlike the chemical purity. Thus, the 
technique for preparing chiral compounds having a high 
optical purity, which is sufficient for the materials for 
medicines, in the present invention is distinct, efficient 
and different from the preparation techniques which only 
15 focus on heightening the ratio of the desired stereoisomer 
in the racemic compounds. 

Disclosure of the Invention 

The present invention has been resulted from 
20 resolving deactivation of chiral catalysts and racemization 
of chiral products because conventional chiral salen 
catalysts having an acetate group (OAc) or a halogen group 
loose their activities or functional groups such as acetate 
groups or halogen groups thereof, which cause racemization 
25 of chiral products. In other words, it is important to 
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select appropriate counterions bonded to the center metal 
in chiral salen catalysts used in stereoselective 
hydrolyses of racemic epoxides. For example , chiral 
catalysts having nucleophilic groups such as acetate and 
5 halogen group as counterions deteriorate the optical purity 
of products since these counterions have weak bonds to the 
center metal and some dissociated counterions participate 
in the reverse reaction of the hydrolyzed product, 1,2- 
diols, resulting in the racemization of the chiral products 

10 and further, counterions bonded weakly to the center metal 
in chiral catalysts can be dissociated during the reaction 
process, resulting in diminished catalytic activity. 

The present invention provides novel chiral salen 
catalysts comprising one molecule of LQ3 wherein L is boron 

15 (B) or aluminium (Al) ; and Q is a halogen atom selected 
from the group consisting of F, CI, Br and I, and two 
molecules of chiral salen ligands . The chiral salen 
catalyst of the present invention has an activating group 
of LQ 3 , most preferably BF 3 , having no nucleophilic 

20 property, which does not affect racemization of chiral 
epoxides and loose its activity after the reaction is 
completed. 

Accordingly, an object of the present invention is to 
provide chiral salen catalysts which not only maintain its 1 
25 excellent activity after used, thus being used continuously 
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without activation process and simplifing the manufacturing 
process but also contribute to produce high optical purity 
of the product without racemization . 

Another object of the present invention is to provide 
5 an economical process for preparing chiral epoxides and 
chiral 1,2-diols to be used as raw materials for chiral 
medicines or food additives from racemic epoxides by using 
said chiral salen catalyst in high yield and high optical 
purity. 

10 

Brief Description of the Drawings 

Fig. 1 is a graph comparing the difference in the 
reaction rate by employing a representative chiral salen 
catalyst (I-RR-1) of the present invention and a 
15 comparative catalyst 1 having the same 3-dimensional 
structure as the conventional catalyst over reaction time; 

Fig. 2 is a graph comparing the difference in 
kinetics of the reaction by employing a representative 
chiral salen catalyst (I-RR-1) of the present invention and 
20 a comparative catalyst 1 having the same 3-dimensional 
structure as the conventional catalyst; 

Fig. 3 is a graph showing the optical purity of • 
chiral products produced by employing a representative 
chiral salen catalyst (I-RR-1) of the present invention 
25 according to the number of times it is used; 
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Fig. 4 is a graph showing the optical selectivity of 
a conventional chiral salen catalyst having an acetate 
group (OAc) , comparative catalyst 2, according to the 
number of times it is used; 

5 Fig. 5 is a graph comparing the difference in degree 

of the racemization of chiral epoxides produced by 
employing a representative chiral salen catalyst (I-RR-1) 
of the present invention, a chiral salen catalyst having an 
acetate group (comparative catalyst 2) , and a chiral salen 

10 catalyst having a bromide group (Br, comparative catalyst 
3) over reaction time; 

Fig. 6 is a graph comparing the difference in the 
reactivity of a representative chiral salen catalyst (I-RR- 
1) of the present invention and catalysts prepared by 

15 combining chiral salen ' ligand (3-RR-l) and boron 
trifluoride in varied ratios; 

Fig. 7 is a graph comparing the difference in the 
reactivity of a representative chiral salen catalyst (I-RR- 
1) of the present invention prepared by mixing a 

20 comparative catalyst 1 and a chiral salen ligand (3-RR-l) 
in the same number of moles to have a ratio between ligand 
and BF 3 of 2:1, and a mixture of a comparative catalyst 2 
and a chiral salen ligand (3-RR-l) in the same number of 
moles to have a ratio between ligand and OAc of 2:1, and a 

25 comparative catalyst 1; 
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Fig. 8 is a graph comparing the difference in the 
reaction rate by employing a chiral salen catalyst 
comprising chiral salen ligands (3-RR-l) and each one of 
BF 3 , BC1 3 , AICI3, B(OPh) 3 , and B (OMe) 3 mixed in a ratio of 
5 2:1 over reaction time; 

Fig. 9 is a graph comparing the difference in the 
reaction rate by employing a catalyst comprising chiral 
salen lig;and (3-RR-l) and BC1 3 mixed in a ratio of 2:1 and a 
comparative catalyst comprising chiral salen ligand (3-RR-l) 
10 and BCI3 mixed in a ratio of 1:1 which has the same 3- 
dimensional structure as the conventional catalyst. 

Fig. 10 is a graph .comparing the difference in the 
reaction rate by employing a catalyst comprising chiral 
salen ligand (3-RR-l) and AICI3 mixed in a ratio of 2:1 and 
15 a comparative catalyst comprising chiral salen ligand (3-RR- 
1) and AICI3 mixed in a ratio of 1:1 which has the same 3- 
dimensional structure as the conventional catalyst. 

Best Mode for Carrying Out the Invention 

20 The present invention is to provide new structural 

chiral salen catalysts comprising two molecules of chiral 
salen ligands and one molecule of LQ 3 expressed by the 
following formula 1, 
[formula 1] 
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wherein R lf R 2/ R'i, R'2/ Xi, X 2 , X 3 , X 4 , X 5 , X 6/ X 7/ X 8 , 
Y x and Y 2 are independently H, Ci-C 6 alkyl group f C 2 -C6 
alkenyl group f C 2 -C6 alkynyl group f Ci-C 6 alkoxy group, 
5 halogen atom, hydroxy group, amino group, .thiol group, 
nitro group, amine group, imine group, amide group, 
carbonyl group, carboxy group, silyl group, ether group, 
thio ether group, seleno ether group, ketone group-, 
aldehyde group, ester group, phosphoryl group, phosphonate 

10 group, phosphine group, sulfonyl group or (CH 2 )k-R 4 , 
wherein, R 4 is phenyl, cycloalkyl, cycloalkenyl, 
heterocycle or polycycle, and k is an integer of 0 to 8, or 
any two or more neighboring Ri, R2, R'i, R r 2r Xi, X 2 , X3, X4, 
X5, X6, X7, Xs, Yi and Y 2 form a ring of a carbocycle or 

15 heterocycle comprising 4 to 10 atoms; R3 is a direct bond, 
-CH 2 -, -CH2CH2-, -NH-, -0-, or -S-; M is a metal atom 
selected from Co, Cr, Mn, Fe, Mo and Ni; L is B or Al, 
preferably B; Q is a halogen atom chosen from F, Cl, Br, 
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and I, preferably F or CI, and most preferably F; and n is 

an integer of 0 to 4. 

Preferably, X lr X 2 , X 3 , X 4 , X 5 , X 6/ X 7 , X 8 , Yi and Y 2 

are independently selected from a group of H, Ci~C6 alkyl 
5 group and Ci~C6 alkoxy group, and most preferably, Xi, X 2 , 

X 3 , X 4 , X 5 , Xe r X 7 and Xe are independently H or t-butyl 

group, and both Y x and Y 2 are H. 

In the above formula 1, Ri and R' i may be the same or 

different, preferably the same; R 2 and R' 2 may be the same 
10 or different, preferably the same. When Ri is identical 

with R'i, and R 2 is identical with R' 2 , the chiral center 

forms RR or SS configurations. Preferable examples of Ri, 

R 2 , R'i and R' 2 are as follows; Ri and Ri' are combined to 

form a C 4 ~C6 carbocycle, and R 2 and R' 2 are H, C a -C 6 alkyl 
15 group or Ci-C 6 alkoxy group; or R' i and Ri are H, Ci-Ce alkyl 

group or C1-C6 alkoxy group, and R 2 and R' 2 are combined to 

form a C 4 -C 6 carbocycle. 

Preferable examples of the metal atom include Mn and 

Co, most preferably Co. 
20 Examples of LQ 3 may include BF 3 , BC1 3 , BBr 3 , BI 3 and 

A1C1 3 . In accordance with the present invention, BF 3 

displayed the most excellent results. 

In the stereoselective hydrolysis of racemic epoxides 

to chiral epoxides or chiral 1,2-diols, the present 
25 invention performs in the presence of said chiral salen 
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catalyst of formula 1. 

The present invention is described in detail as set 
forth hereunder. The present invention relates to the 
process for preparing optically pure epoxides or 1,2-diols 
5 from racemic epoxides by stereoselective hydrolysis in the 
presence of the chiral salen catalyst of formula 1 in high 
yield, where the catalyst can be reused continuously 
without an activation process after used and does not 
affect racemization of the produced products. 

10 The chiral salen catalyst of the present invention 

comprises one molecule of activating group of LQ3 having no 
nucleophilic property, preferably BF 3 , and two molecules of 
chiral salen ligands to prevent from the racemization of 
the chiral product, thus resulting high optical purity and 

15 high yield and further, to prevents the decrease of 
catalyst activation caused by the dissociation of 
counterions . 

In the chiral salen catalysts of formula 1 of the 
present invention, the catalysts of formula la and formula 
20 lb are preferable, 
[formula la] 
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t-Bu 




t-Bu 

[formula lb] 




t-Bu 



5 wherein n is an integer of 0 to 4 . 

As shown in the following scheme 1, the chiral salen 
catalyst of formula 1 in accordance with the present 
invention can be prepared by first reacting the compound of 
10 formula 2 with metal acetate in a proper organic solvent , 
followed by filtering it to obtain a solid compound of 
formula 3, and then reacting the resulted compound with LQ 3 
(for example, BF 3 , BC1 3 , BBr 3 , BI 3 or A1C1 3 ) in a proper 
organic solvent . 

15 
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[Scheme 1] 




x a 

wherein R lf R 2 , R'i f R' 2 r Xi, *2r X 3 , X 4 , X 5 , X 6 , X 7 , 

Xs, Yi, Y 2 , M, n, L and Q are as defined in the above 
5 formula 1 . 

The compound of formula 2 used in the preparation of 
the chiral salen catalyst of formula 1 can . be easily 
purchased or prepared by a known method disclosed in J. Org. 
Chem. r Vol. 59, 1939, 1994. LQ 3 such as BF 3 , BC1 3 , BBr 3 , BI 3 

10 or AICI3 can be added in various forms including a hydrated 
form or a complex. For example, boron trifluorides include 
boron trifluoride dihydrate, boron trif luoride-acetic acid 
complex, boron trifluoride t-butyl methyl etherate, boron 
trifluoride dibutyl etherate, boron trifluoride diethyl 

15 etherate, boron trifluoride dimethyl etherate, boron 
trifluoride-ethylamine complex, boron trif luoride-methanol 
complex, boron trif luoride-methyl sulfide complex, boron 
trif luoride-phenol complex, boron trif luoride-phosphoric 
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acid complex, boron trif luoride-propanol complex, and boron 
trifluoride -tetrahydrof uran complex. 

The chiral salen catalyst of formula 1 can be used as 
it is or by immobilizing on the stationary phase such as 
5 zeolite and silica gel. Such immobilization can be 
obtained by physical absorption or by chemical bonding 
using rinkers or spacers. 

The mechanism of preparing chiral epoxides or chiral 
1,2-diols from racemic epoxides in the presence of the 
10 chiral salen catalyst of formula 1 by stereoselective 
hydrolysis is shown in Scheme 2, 



[Scheme 2] 



/\ (R)-epoxlde[(R)-4] 

l-RR 0 i_cc R + 



(S)-epoxide[(S)-4] 



HO. oh H *° R ^ H 2 0 

* / (ShK2diol[(S)-5] racem icepoxide(4) W (R H,2dlol[(R)-5] 



15 



wherein R is Ci-Cio alkyl group, C 2 -C6 alkenyl group, 
C 2 -C 6 alkynyl group, C3-C8 cycloalkyl group, C1-C10 alkoxy 
group, phenyl group, carbonyl group, carboxy group, ketone 
group, aldehyde group, ester group, phosphoryl group, 
20 phosphonate group, phosphine group, sulfonyl group or 
(CH 2 )i-R 5 (wherein, R 5 is C 2 -C 6 alkenyl group, C 2 -C 6 alkynyl 
group, C 2 -C 6 alkoxy group, phenyl, cycloalkyl, cycloalkenyl , 
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heterocycle, polycycle, halogen atom, hydroxy group, amino 
group, thiol group, nitro group, amine group, imine group, 
amide group, carbonyl group, carboxy group, silyl group, 
ether group, thio ether group, seleno ether group, ketone 
5 group, aldehyde group, ester group, phosphoryl group, 
phosphonate group, phosphine group, silfonyl group and I is 
an integer of 0 to 8); I-RR is the chiral salen catalyst 
having an RR configuration among the chiral salen catalysts 
of formula 1; I-SS is the chiral salen catalyst having an 
10 SS configuration among the chiral salen catalysts of 
formula 1 - 

The stereoselective hydrolysis of scheme 2 comprises 
steps of reacting racemic epoxide of formula 4 with water 
in the presence of chiral salen catalyst of formula 1; 

15 selectively hydrolyzing either (R) -epoxide or (S) -epoxide; 
and subsequently separating the unhydrolyzed epoxide from 
the hydrolyzed epoxide. The stereoselective hydrolysis of 
Scheme 2 is described in more detail hereinafter. 

Racemic epoxide compound of formula 4, 0.3-0.8 

20 equivalents of water and over 0.001 mol% of a chiral salen 
catalyst of formula 1, preferably 0.1-5 mol%, are reacted 
at a temperature of -10 to 50°C, preferably 5 to 2513. 
After the reaction is completed, the unhydrolyzed epoxide 
is separated out by fractional distillation or thin film 

25 evaporator at a low temperature of -10 to 50 1) and the 
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chiral 1,2-diol is extracted with an organic solvent from 
the residue. The recovered catalyst is re-used for 
hydrolysis of fresh racemic epoxide to produce chiral 
epoxide or chiral 1,2-diol without any activation process. 
5 In the stereoselective hydrolysis according to the 

present invention, the chiral salen catalysts of formula 1 
having RR configuration (hereafter referring to as "I-RR") 
produce (R) -epoxides or (S) -1, 2-diols , while the chiral 
salen catalysts of formula 1 having SS configuration 
10 (hereafter referring to as "I-SS") produce (S) -epoxides or 
(R) -1, 2-diols. 

Fig. 1 is a graph comparing the difference in the 
reaction rate by employing a representative chiral salen 
catalyst (I-RR-1) of the present invention and a 
15 comparative catalyst 1 having the same 3-dimensional 
structure as the conventional catalyst over reaction time. 
According to Fig. 1, the catalyst of the present invention 
has a reaction rate much higher than that of the 
comparative catalyst 1 . 

20 




Fig. 2 is a graph comparing the difference in 
kinetics of the reaction by employing a representative 
5 chiral salen catalyst (I-RR-1) of the present invention and 
a comparative catalyst 1 having the same 3-dimensional 
structure as the conventional catalyst. According to Fig. 
2, rate data obtained with the representative chiral salen 
catalyst (I-RR-1) of the present invention has a linear 

10 correlation with positive slope and nonzero Y-intercept, 
wherein the X axis is the concentration of the catalyst and 
the Y axis is the value of the reaction rate divided by the 
concentration of the catalyst. Indication of this graph is 
consistent with participation of both intramolecular 

15 • pathway and intermolecular pathway as shown in the 
following Equation 1. 

[Equation 1] 

20 Rate kintra [concentration of cat.] + 

kinter [concentration of cat.] 2 
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Especially, the fact that the chiral salen catalyst 
affects an intramolecular pathway indicates that the 
configuration thereof has a sandwich configuration having 
BF 3 at the center. 

5 

Side G roup 




Fig. 3 is a graph showing the reaction rate by 
employing a representative chiral salen catalyst (I-RR-1) 
of the present invention according to the number of times 
10 it is used and Fig. 4 is a graph showing the reaction rate 
by employing a conventional chiral salen catalyst having an 
acetate group (OAc) , comparative catalyst 2, according to 
the number of times it is used. 
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Cat. of the present invention(l-RR-1 ) Comparative cat.2 

According to Figs. 3 and 4, it is noted that the use 
of the chiral salen catalyst of the present invention 
5 exhibits higher optical purity (over 99%ee) of the chiral 
epoxides than that of the comparative catalyst 2 having an 
acetate group. It is further proved that the chiral salen 
catalyst of the present invention can be reused 
continuously without any activation process, while the 

10 conventional chiral salen catalyst having an acetate group 
has to be activated with acetic acid after each use because 
it looses its catalytic activity and the reaction using 
recovered catalyst takes much longer to obtain over 99%ee 
of optical purity of the product than that using a fresh 

15 catalyst (see Table 1) . 

Fig. 5 is a graph comparing the difference in degree 
of the racemization of chiral epoxides produced by 
employing a representative chiral salen catalyst (I-RR-1) 
of the present invention, a chiral salen catalyst having an 

20 acetate group (comparative catalyst 2), and a chiral salen 
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catalyst having a bromide group (Br, comparative catalyst 
3) over reaction time. 





Cat. of the present invention 
(l-RFM) 



t-Bu 



Comparative cat.2 




Comparative cat.3 



5 In Fig. 5, when the chiral salen catalyst of the 

present invention is used, there is no or little of 
racemization over reaction time, while when conventional 
chiral salen catalyst having an acetate group (OAc, 
comparative catalyst 2 or conventional chiral salen 

10 catalyst having a bromide group (Br, comparative catalyst 
3) is used, the degree of racemization becomes higher over 
reaction time, resulting in lowering optical purity of the 
corresponding product because the conventional chiral salen 
catalysts contain counterions having a nuclophilic 

15 property. In the mass production of chiral epoxides, it 
will take longer reaction time to distill the desired 
product. Therefore, it is expected that use of the chiral 
salen catalyst of the present invention contributes to 
produce optically pure chiral epoxide after purification 

20 process, while use of the comparative catalyst 2 or 3 
produces much lowered optical purity of the product due to 
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racemization during distillation process. 

Fig. 6 is a graph comparing the difference in the 
reactivity of a representative chiral salen catalyst (I-RR- 
1) of the present invention and catalysts prepared by 
5 combining chiral salen ligand (3-RR-l) and boron 
trifluoride in varied ratios. In Fig. 6, it is noted that 
the reaction employed with chiral salen catalyst of the 
present invention exhibits faster reaction and less 
racemization than that using the others. 



Fig. 7 is a graph comparing the difference in the 
reactivity of chiral salen catalyst prepared by mixing a 

15 comparative catalyst 1 with the same mole of chiral salen 
ligand (3-RR-l) and a comparative catalyst prepared by 
mixing a comparative catalyst 2 with the same mole of 
chiral salen ligand (3-RR-l) to be the ratio of ligand and 
BF 3 (or OAc) of 2:1 in order to have the same structure of 

20 the chiral salen catalyst of the present invention 
comprising two molecules of chiral salen ligand and one 
molecule of BF 3 . In Fig. 7, the chiral salen catalyst 



10 




t-Bu 



t-Bu 



WO 03/002582 PCT/KR02/01219 

23 

prepared by mixing a comparative catalyst 1 with the same 
mole of chiral salen ligand (3-RR-l) exhibits superior 
efficiency when the ratio of Co (salen) represented by 
formula 3-RR-l and BF3 is 2:1 unlike the comparative 
5 catalyst 2. Therefore, it duly illustrates that the chiral 
salen catalyst of the present invention (I-RR-1) has not 
only a different 3-dimensional structure from the 
conventional chiral salen catalyst but also a different 
reaction mechanism" where BF3 participates from the 

10 conventional ones. 

Fig. 8 is a graph comparing the difference in the 
reaction rate by employing a chiral salen catalyst 
comprising two molecules of chiral salen ligands (3-RR-l) 
and one molecule of BF 3 , BC1 3 , AICI3, B(0Ph) 3 , or B(OMe) 3 

15 mixed in a ratio of 2:1. Fig. 9 is a graph comparing the 
difference in the reaction rate by employing the catalyst 
comprising chiral salen ligand (3-RR-l ) and BCI3 mixed in a 
ratio of 2:1 and a comparative catalyst comprising chiral 
salen ligand (3-RR-l) and BCI3 mixed in a ratio of 1:1 which 

20 has the same 3-dimensional structure as the conventional 
catalyst. Fig. 10 is a graph comparing the difference in 
the reaction rate by employing the catalyst comprising 
chiral salen ligand (3-RR-l) and A1C1 3 mixed in a ratio of 
2:1 and a comparative catalyst comprising chiral salen 

25 ligand (3-RR-l) and AICI3 mixed in a ratio of 1:1 which has 
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the same 3-dimensional structure as the conventional 
catalyst. In Fig. 8, it is noted that the chiral salen 
catalysts having 6 valence electrons such as B and Al are 
more effective. Compared with BF 3 , BC1 3 , AICI3, the chiral 
5 salen catalysts prepared by employing B(OMe)3, which has a 
weak strength in withdrawing electrons, or B(OPh) 3 , which 
has a bulky group, shows a relatively slow reaction rate. 
Further, in Figs. 9 and 10, the chiral salen catalysts of 
the present invention exhibit remarkably faster reaction 

10 rate compared to ones having the same 3-dimensional 
structure as the conventional catalyst. It illustrates 
that the chiral salen catalysts of the present invention 
have a sandwich configuration which is a different 
structure from the conventional catalysts and the role of 

15 BF 3 , BCI3, AICI3, B(OPh) 3 and B(OMe) 3 located in the center 
is very important. 

Hereunder is given the more detailed description of 
the present invention using examples. However, it should 
not be construed as limiting the scope of the present 

20 invention. 

<Example 1> Preparation of I-SS-1 
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t-Bu 




1" equivalent of (S, S) -N, N' -bis (3, 5-di-t- 

butylsalicylidene) -1, 2-cyclohexanediamine and 1 . 2 

equivalents of cobalt (II) acetate • 4H 2 0 were mixed to ethanol 
and refluxed for 5 hrs while stirring. The reaction 
mixture was filtered and washed with small amount of 
ethanol. The obtained solid was mixed with 0.5 equivalent 
of boron trif luoride • 2H2O in dichloromethane, and the 
reaction mixture was stirred at room temperature for 4 
hours. Dichloromethane was removed under reduced pressure 
to produce the target compound. 

IR 70, 1010, 1070, 1100, 1220, 1270, 1360, 1560, 1720 

cm" 1 ; 

UV/Vis 360 nm; 

13 C NMR(CDC1 3 , ppm) 517.62, 22.33, 24.42, 29.57, 31.51, 
32.34, 33.70, 42.93, 47.03, 56.53, 82.37, 92.93, 97.47, 
126.18; 

X9 F NMR(CDC1 3 ) (CFCI3, ppm) 5 -87.62; 
U B NMR(CDC1 3 ) (BF 3 , ppm) 5 0.31; and 
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Anal ealcd. (C72H104N4O4C02.BF3.3H2O) C 65.1, H 8.3, N 
4.2, Found C 65.4, H 8.5, N 4.2 

<Example 2> Preparation of I-RR-1 



t-Bu 




5 t-Bu (l-RR-1) 

a) The reaction was performed the same as in the 
above Example 1 except that instead of (S, S) -N/N' -bis (3,5- 
di-t-butylsalicylidene) -1, 2-cyclohexanediamine, (R,R) -N,N' - 
10 bis (3, 5-di-t-butylsalicylidene) -1, 2-cyclohexanediamine was 
used to obtain the target product. 

IR 970, 1010, 1070, 1100, 1220, 1270, 1360, 1560, 
1720 cm" 1 ; 

UV/Vis 360 nm; 

15 13 C NMR(CDC1 3 , ppm) 5 17.62, 22.33, 24.42, 29.57, 

31.51, 32.34, 33.70, 42.93, 47.03, 56.53, 82.37, 92.93, 
97.47, 126.18; 

19 F NMR(CDC1 3 ) (CFCI3, ppm) 5 -87.62; 
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n B NMR(CDC1 3 ) (BF 3/ ppm) 5 0.31; and 

Anal calcd. (C72H104N4O4C02.BF3.3H2O) C 65.1, H 8.3, N 



4.2, found C 65.2, H 8.5, N 4.2 



5 b) The reaction was performed the same as in the 

above Example 1 except that instead of (S, S) -N,N' -bis (3,5- 
di-t-butylsalicylidene) -1, 2- cyclohexanediamine, (R, R) - 
N,N' -bis (3, 5-di-t-butylsalicylidene) -1, 2-cyclohexanediamine 
was used, and instead of 0.5 equivalent of boron 
10 trifluoride-2H 2 0, 0.5 equivalents of boron trifluoride- 
acetate was used to obtain the target compound. 



c) The reaction was performed the same as in the 
above Example 1 except that instead of (S, S) -N, N' -bis (3, 5- 
15 di-t-butylsalicylidene) -1, 2- cyclohexanediamine, (R, R) - 
N,N' -bis (3, 5-di-t-butylsalicylidene) -1, 2- 

cyclohexanediamine was used, and instead of 0.5 equivalents 
of boron trif luoride • 2H 2 0, 0.5 equivalents of boron 
trifluoride diethyl etherate was used to obtain the target 
20 compound. 



<Example 3> Preparation of I-SS-2 
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t-Bu 




• Big 



(ESS- 



The reaction was performed the same as in the above 



Eexample 1 except that instead of (S, S) -N,N' -bis (3, 5-di- 1- 
5 butylsalicylidene) -1, 2- cyclohexanediamine, (S) -N- (3, 5-di- 
t-butylsalicylidene) - (S)-N' (salicylidene) -1,2- 
cyclohexanediamine was used to obtain the target compound. 

IR 970, 1010, 1070, 1100, 1220, 1270, 1360, 1560, 
1720 cm -1 ; and 
10 UV/Vis 360 run 

<Example 4> Preparation of I-RR-2 



Example 1 except that instead of (S, S) -N,N' -bis (3, 5-di-t- 




t-Bu 



15 



The reaction was performed the same as in the above 
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butylsalicylidene) -1, 2-cyclohexanediamine, (R) -N- (3, 5-di-t- 
butylsalicylidene) - (R) -N' - (salicylidene) -1,2- 
cyclohexanediamine was used to obtain the target compound. 

IR 970, 1010, 1070, 1100, 1220, 1270, 1360, 1560, 
5 1720 cm" 1 ; and 

UV/Vis 360 nm 

<Example 5> Preparation of (R,R) -N,N' -bis <3, 5-di-t- 
butylsalicylidene) -1,2- cyclohexanediaminocobalt 
10 trif luoroboron 



t-Bu 




1 equivalent . of (R, R) -N,N' -bis (3, 5-di-t- 

15 butylsalicylidene) -1, 2- cyclohexanediamine and 1.2 
equivalents of cobalt (II) acetate • 4H 2 0 were mixed into 
ethanol and refluxed for 5 hrs while stirring. The 
reaction mixture was filtered at room temperature and 
washed with small amount of ethanol. The obtained solid 
20 was mixed with 1.0 equivalent of boron trif luoride -21^0 in 
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dichloromethane, and the reaction mixture was stirred at 
room temperature for 4 hours. Dichlorimethane was removed 
under reduced pressure to produce the target compound. 

IR(cm-l) :970, 1010, 1070, 1100, 1220, 1270, 1360, 
5 1560, 1720 cm" 1 ; 

UV/Vis 360 nm; 

13 C NMR(CDC1 3 , ppm) 5 17.62, 22.33, 24.62, 29.62, 
31.37, 33.89, 42.69, 46.40, 48.00, 56.53, 82.37, 93.00, 
97.47, 128.39; 
10 19 F NMR(CDC1 3 ) (CFC1 3 , ppm) 6 -7 9.56; and 

n B NMR(CDC1 3 ) (BF 3 , ppm) 5 0.64 



<Example 6> Preparation of (R,R) -N,N' -bis (3 ,5-di-t- 
butylsalicylidene) -1,2- cyclohexanediaminocobalt (III) 
15 bromide (comparative catalyst 3) 




t-Bu— ^3^° 9 | X °^^3^ t " Bu 

t-Bu Br t-Bu 

1 equivalent of (R,R) -N,N' -bis (3, 5-di-t- 

butylsalicylidene) -1, 2- cyclohexanediamine and 1.2 
20 equivalents of cobalt ( II ) acetate ■ 4H 2 0 were mixed into 
ethanol and refluxed for 5 hours while stirring. The 
reaction mixture was filtered at room temperature and 
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washed with small amount of ethanol. The obtained solid 
was mixed with 0.5 equivalent of bromine in dichlorome thane, 
and the reaction mixture was stirred at room temperature 
for 1 hour. Dichlorimethane was removed under reduced 
5 pressure to produce the target compound. 
UV/Vis 360 nm 

<Example 7> Preparation of (R,R) -N,N' -bis (3, 5-di-t- 
butylsalicylidene) -1 , 2 -cyclohexanedxamino cobalt (III) 
10 chloride 




1 equivalent of (R, R) -N,tf'-bis (3, 5-di-t- 

15 butylsalicylidene) -1, 2- cyclohexanediamine and 1.2 
equivalents of cobalt (II) acetate • 4H 2 0 were mixed into 
ethanol and refluxed for 5 hours while stirring. The 
reaction mixture was filtered at room temperature and 
washed with small amount of ethanol. The obtained solid 
20 was dissolved in dichloromethane and 0.5 equivalent of 
chlorine gas was injected. The reaction mixture was 
stirred at room temperature for 1 hour. Dichlorimethane 
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was removed under reduced pressure to produce the target 
compound. 

UV/Vis 360 nm 

5 <Example 8> Preparation of (R,R) -W^N'-bis (3,5-di-t- 
butylsalicylidene) -1 , 2-cyclohexanediaminocobalt (III) iodide 




t-Bu 



t-Bu t-Bu 



10 1 equivalent of (R, R) -N,AT'-bis (3, 5-di-t- 

butylsalicylidene) -1, 2- cyclohexanediamine and 1.2 
equivalent of cobalt ( II ) acetate • 4H2O were mixed into 
ethanol and refluxed for 5 hours while stirring. The 
reaction mixture was filtered at room temperature and 

15 washed with small amount of ethanol. The obtained solid 
was mixed with 0.5 equivalent of iodine in dichloromethane, 
and the reaction mixture was stirred at room temperature 
for 1 hour. Dichlorimethane was removed under reduced 
pressure to produce the target compound. 

20 UV/Vis 360 nm 

<Examples 9-12> Preparation of I-RR-3 - I-RR-6 
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As in Example 2, 1 equivalent of (R, R) -N,N'-bis (3, 5- 
5 di-t-butylsalicylidene) -1, 2-cyclohexanediamine and 1 . 2 
equivalents of cobalt (II ) acetate • 4H 2 0 were mixed into 
ethanol and refluxed for 5 hours while stirring. The 
reaction mixture was filtered at room temperature and 
washed with small amount of ethanol. The obtained solid 
10 was mixed with 0.5 equivalent of boron trichloride (or 
aluminum chloride, or triphenyl borate, or trimethyl 
borate) in dichloromethane, and the reaction mixture was 
stirred at room temperature for 4 hours . Dichlorimethane 
was removed under reduced pressure to produce the target 
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compound . 

<Examples 13-14> Preparation of (R, R) -NfN'-bxa (3 , 5-di- 1- 
butylsalicylidene) -1 , 2-cyclohexanediaminocobalt 
5 triohlorobor on (comparative catalyst 4) and (R/R) -N/N'- 
bis (3,5-di-fc-butylsalicylidene) -1,2- 

cyclohexanediaminocobal t trichloroaluminum ( comparative 

catalyst 5) 




• AJCIa 



(Comparative cat 4) (Comparative cat.5) 

As in Example 5, 1 equivalent of (R, R) -N,2\7'-bis ( 3, 5- 

di- t-butylsalicylidene) -1, 2-cyclohexanediamine and 1 . 2 

equivalents of cobalt (II) acetate • 4H 2 0 were mixed into 
* 

15 ethanol and refluxed for 5 hours while stirring- The 
reaction mixture was filtered at room temperature and 
washed with small amount of ethanol. The obtained solid 
was mixed with 0.5 equivalent of boron trichloride (or 
aluminum chloride) in dichloromethane, and the reaction 

20 mixture was stirred at room temperature for 4 hours. 
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Dichlorimethane was removed under reduced pressure to 
produce the target compound. 

Experimental Example 1> Preparation of (R) -epichlorohydrin 
5 or (S)- epichlorohydrin 

Each 100 g of racemic epichlorohydrin was added to 
0.2 mol% of the catalyst prepared in Examples 1 to 4 as 
shown in Table 1 and cooled to 5°C. Each 13.6 g of water 
was slowly added to each reaction mixture and then stirred 

10 at 20*0 for 4 hrs. Each reaction mixture was performed for 
fractional distillation under vacuum to obtain (R) [or (S)]- 
epichlorohydrin (optical purity: 99.8%ee, yield: higher 
than 80%) . Dichloromethane and water were added to the 
residue and the used catalyst was obtained from 

15 dichloromethane layer which was further evaporated under 
vacuum. The recovered catalyst without any activation 
process was reused for another hydrolysis reaction of 
racemic epichlorohydrin continuously to obtain (R) [or (S)]- 
epichlorohydrin with over 99.3 %ee of optical purity 

20 (yield: higher than 80%) for more than 10 times. 

Comparative Experimental Example 1> Preparation of (S)- 
epichlorohydrin 

(S) -epichlorohydrin was prepared in the same manner 
25 as Experimental Example 1 by using 0.4 mol% of the 
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conventional chiral salen catalyst having an acetate group 
(comparative catalyst 2) . When the used catalyst was used 
for next reaction without any activation process, (S)- 
epichlorohydrin with 17 %ee of optical purity was prepared, 
5 After the second reaction, the used catalyst was activated 
by a known method [Science, Vol. 277, 936, 1997). The used 
catalyst was added in toluene and 2 equivalents of acetic 
acid and stirred for 1 hour under atmosphere condition and 
the solvent was then evaporated under vacuum to obtain 

10 recovered catalyst. When the third reaction was performed 
by using the recovered catalyst, the reaction took 7 to 8 
hours under the same reaction condition to obtain (S)- 
epichlorohydrin with lower than 99 %ee of optical purity, 
while it took only 4 hours when the fresh catalyst was used. 

15 The result was summarized in Table 1. 



[Table 1] 



catalyst 


Nos. of times 


Optical Purity 


Average 


Reaction 








yield 


time 


Comparative 


1 


>99.8 


80% 


4hr 


cat.2 having 


2(w/o activation) 


17 




8hr 


OAc group) 


3(w/o activation) 


99.0 


80% | 


8hr 


I-SS-I . 


1 


>99.8 


80.4% 


4hr 


(or I-RR-I) 


4 


>99.8 




6hr 




8 


>99.8 




8hr ' 




10 


99.4 




12 hr 


I-SS-2(orI- 


1 


>99.8 


80.4% 


4hr 


RR-2) 


4 


>99.8 




6hr 
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8 


99.6 




8hi 


10 


99.3 


12 hi 



<Comparative Experimental Example 2> Comparison of changes 
in optical purity of (S) -epichlorohydrin 

Each 0.2 mol% of the catalyst prepared in Example 2 
5 (I-RR-1) , 0.4 mol% of the comparative catalyst 2 having an 
acetate group, and 0.4 mol% of the comparative catalyst 3 
having a bromide group was added to 100 g of racemic 
epichlorohydrin separately and cooled to 5°C. 10.7 g of 
water was slowly added to each reaction mixture of which 
10 was stirred at 20"C. The optical purity of each reaction 
mixture was measured over reaction time as shown in Fig. 5. 

<Experimental Example 2> Preparation of (S) -epichlorohydrin 

0.2 mol% of the catalyst prepared in Example 5 and 
15 0.2 mol% of the intermediate of formula 3-RR-I prepared in 
Example 2 were added to 100 g of racemic epibromohydrin. 
The reaction mixture was stirred for 10 minutes at room 
temperature and cooled to SU. 10.7 g of water was slowly 
added to the reaction mixture of which was stirred at 20 TC 
20 for 8 hours. The reaction mixture was performed for 
fractional distillation under vacuum to obtain (S)- 
epichlorohydrin with over 99.8 %ee of optical purity (yield: 
higher than 80%) . 
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Experimental Example 3> Preparation of (S) -epichlorohydrin 

0.2 mol% of the catalyst prepared in Examples 9-12 
5 was respectively mixed with 100 g of racemic 
epichlorohydrin and the mixture was cooled to 5°C. 10.7 g 
of water was slowly added to the reaction mixture of which 
was stirred at 20°C. The reaction mixture was performed 
for fractional distillation under vacuum to obtain (S)- 
10 epichlorohydrin. The result was summarized in Table 2. 



[Table 2] 



Catalyst 


Reaction time 


Optical Purity 


Yield 


I-RR-3 


6hrs 


>99.8 


81% 


I-RR-4 


7 his 


>99.8 


80% 


I-RR-5 


lOhrs 


99.6 


78% 


I-RR-6 


24hrs 


99.5 


60% 



Experimental Example 4> Preparation of (R) -epibromohydrin 
or (S) -epibromohydrin 

15 2.8 g of the catalyst prepared in Example 1 (I-SS-1) 

or Example 2 (I-RR-1) was added to 148 g of racemic 
epibromohydrin and cooled to 5t. 10.7 g of water was 
slowly added to the reaction mixture of which was stirred 
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at 20V for 7 hours. The reaction mixture was performed 
for fractional distillation under vacuum to obtain (R) (or 
(S) ) -epibromohydrin. Dichlorome thane and water were added 
to the residue and extracted out the used catalyst to the 
5 dichloromethane layer which was evaporated under vacuum to 
recover the used catalyst. The recovered catalyst was used 
for next reaction without any activation process to produce 
(R) (or (S) ) -epibromohydrin with over 99 %ee of optical 
purity. 

•10 

Experimental Examples 5~14> Preparation of (S) -1, 2-epoxy 
or (R) -1, 2-epoxy compounds 

The reaction was performed in the same manner as 
Experimental Example 4 except that 1.08 mol of racemic 1,2- 
15 epoxy compound was used instead of racemic epibromohydrin 
to obtain the target product as shown in Table 3 with over 
99 %ee of optical purity. 



[Table 3] 



& 0.2mol% l-RR-1 Q 0.2mol% l-SS-1 
a ^-^ n 0.55eqH,O O.Keqty) 

R R H 


Experimental example 


R 


Optical Purity(%ee) 


5 


Et 


>99% ee 


6 


n-Bu 


>99% ee 


7 


Cyclohexyl 


>99% ee 


8 


Benzyl 


>99% ee 
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9 


CH3CO 


>99% ee 


10 


PhOCH 2 


>99% ee 


11 


EtOzCCHz 


>99% ee 


12 


3-Butenyl 


>99% ee 


13 


t-Bu n 


>99% ee 


14 


CF3CH2 


>99% ee 



^Experimental example 15> Preparation of (S)-styrene oxide 
or (R) -styrene oxide 

7 g of the catalyst prepared in Example 1 (I-SS-1) or 
5 Example 2 (I-RR-1) was added to 130 g of "racemic styrene 
oxide and cooled to 5°C. 13.6 g of water was slowly added 
to the reaction mixture, which was stirred at 20°C for 15 
hours. The reaction mixture was performed for fractional 
distillation under vacuum to obtain first (S) [or (R) ] - 

10 styrene oxide with 99 %ee of optical purity (yield: 70%) . 
Dichloromethane and water were added to the residue and 
extracted out the used catalyst to the dichloromethane 
layer which was evaporated under vacuum to recover the used 
catalyst. The recovered catalyst was reused for next 

15 reaction without any activation process to produce (S) [or 
(R) ] -styrene oxide with over 99 %ee of optical purity. 

<Experimental Example 16> Preparation of (R) -1 , 2-butandiol 
or (S) -1 , 2-butandiol 

20 2.8 g of the catalyst prepared in Example 1 (I-SS-1) 

or Example 2 (I-RR-1) was added to 78 g of racemic 1/2- 
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epoxybutane and cooled to St. 5.8 g of water was slowly 
added to the reaction mixture, which was stirred at 20t! 
for 3 hours. 1, 2-epoxybutane remaining in the reaction 
mixture was removed under reduced pressure. 
5 Dichloromethane and water were added to the residue and the 
water layer was performed for fraction distillation to 
obtain (R) [or (S) ] -1, 2-butandiol . The dichloromethane 
layer was evaporated under vacuum to recover the used 
catalyst. The recovered catalyst was reused for next 
10 reaction without any activation process to produce (R) (or 
(S) ) -1, 2-butandiol with over 98 %ee of optical purity 
(yield: 54%) . 

Experimental Example 17> Preparation of (S)- 
15 epichlorohydrin in mass -production 

0.2 mol% of the catalyst prepared in Example 2 was 
mixed with 400 kg of racemic epichlorohydrin and cooled to 
5°C . 42.8 kg of water was slowly added to the reaction 
mixture and stirred at 20°C for 7 hours. The reaction 

20 mixture was performed for thin film evaporation under 
reduced pressure at a temperature of below 40t) to obtain 
160 kg of (S) -epichlorohydrin with 99.8% of optical purity 
(yield: 80%) . 200 kg of dichloromethane and 200 kg of 
water were respectively added into the remaining residue 

25 and extracted out the used catalyst to the dichloromethane 
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layer of which was washed twice with 200 kg of water. The 
washed dichloromethane layer was then evaported under 
reduced pressure to recover the catalyst. The recovered 
catalyst was contineously reused without any activation 
5 process for the next reaction to obtain (S)- 
epichlorohydrin with 99.8 %ee of optical purity (yield: 
80%) . 



Industrial Applicability 

10 As illustrated and set forth above, the chiral salen 

catalyst of the present invention has a different structure 
from that of the known chiral salen catalysts. Further, the 
chiral salen catalyst of the present invention can be 
reused without any activation process, which is a 

15 disadvantage associated with conventional chiral salen 
catalyst, and used effectively in mass production of chiral 
epoxides or chiral 1,2-dials from racemic epoxides in high 
yield and high optical purity by stereoselective hydrolysis. 
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What is claimed is; 

1. A chiral salen catalyst represented by formula 1, 
[formula 1] 




5 wherein R lf R 2 , R'i, R' 2 , "Xi, X 2/ X 3 , X 4 , X 5f X 6 , X 7 , X 8 , 

Yi and Y 2 are independently H, Ci-C 6 alkyl group, C 2 -C 6 
alkenyl group, C 2 -C 6 alkynyl group, Ci-C 6 alkoxy group, 
halogen atom, hydroxy group, amino group, thiol group, 
nitro group, amine group, imine group, amide group, 

10 carbonyl group, carboxy group, silyl group, ether group, 
thio ether group, seleno ether group, ketone group, 
aldehyde group, ester group, phosphoryl group, phosphonate 
group, phosphine group, sulfonyl group or (CH 2 )k-R 4 , 
wherein, R 4 is phenyl, cycloalkyl, cycloalkenyl, 

15 heterocycle or polycycle, and k is an integer of 0 to 8, or 
any two or more neighboring R lf R 2 , R'i, R' z r Xi, X 2 , X 3 , X 4 , 
X 5 , X 6 , X 7 , X 8 , Yi and Y 2 form a ring of a carbocycle or 
heterocycle comprising 4 to 10 atoms; 
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R 3 is a direct bond, -CH 2 -, -CH 2 CH 2 -, -NH-, -0-, or - 

S-; 

M is a metal atom selected from Co, Cr, Mn, Fe, Mo 
and Ni; 

5 L is B or Al, preferably B; 

Q is a halogen atom chosen from F, CI, Br, and I, 
preferably F or CI, and most preferably F; and 
n is an integer of 0 to 4. 

10 2. The chiral salen catalyst of claim 1, wherein Xi, 

X 2 , X 3 , X 4 , X 5 , X 6 , X 7 , X 8 , Yi and Y 2 are independently chosen 
from H, C1-C6 alkyl group and Ci-C 6 alkoxy group. 

3. The chiral salen catalyst of claim 2, wherein Xi, 
15 X 2 , X 3 , X 4 , X 5 , X 6 , X 7 and X 8 are independently H or t-butyl 

group; and both Y x and Y 2 are H. 

4. The chiral salen catalyst of claim 1, wherein R x 
and R'i are combined to form C4-C6 carbocycle, and R 2 and 

20 R' 2 are H, Ci-C 6 alkyl group or C a -C 6 alkoxy group; or R'i 
and Ri are H, Ci-C 6 alkyl group or Ci-Ce alkoxy group, and R 2 
and R' 2 are combined to form C4-C6 carbocycle. 

5. The chiral salen catalyst of claim 1, wherein LQ 3 
25 is BF 3 , BC1 3 , BBr 3 or A1C1 3 . 
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6. The chiral salen catalyst of claim 1, wherein LQ3 
is BF 3 . 

7. The chiral salen catalyst of claim 1, wherein M 

is Co. 

8. The chiral salen catalyst of claim 1, wherein 
said catalyst is represented by the following formula la or 



lb, 



[formula la] 




[formula lb] 



t-Bu 




wherein n is an integer of 0 to 4 - 
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9. A method for the preparation of chiral salen 
catalyst of formula 1 of claim 1, wherein the compound of 
formula 3 is reacted with 0.5 equivalent of LQ 3/ 

[formula 3] 



wherein, R lf R 2 , R'i, R' 2 , Xi, X 2 , X 3/ X 4/ X 5 , X 6 , X 7 , X 8 , 
Yi, Y 2 , M, L and Q are as defined in claim 1. 

10. The method for the preparation of chiral salen 
catalyst of claim 9, wherein said Xi r X 2 , X 3 , X 4 , X 5 , Xg, X 7 , 
Xe, Yi and Y 2 are independently chosen from H, C1-C6 alkyl 
group and Ci-C 6 alkoxy group. 

11. The method for the preparation of chiral salen 
catalyst of claim 10, wherein said Xi, X 2/ X3, X 4 , X 5 , X 6 , X 7 
and X 8 are independently H or t-butyl group; and both Yi 
and Y 2 are H. 




X3 X4 



X5 



12. The method for the preparation of chiral salen 
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catalyst of claim 9, wherein Ri and R' i are combined to 
form C 4 -C 6 carbocycle, and R2 and R'2 are H, Ci-Ce alkyl 
group or Ci-C 6 alkoxy group; or R' 1 and Ri are H, Ci-C 6 alkyl 
group or Ci-C 6 alkoxy group, and R2 and R'2 are combined to 
5 form C 4 -C 6 carbocycle. 

13. The method for the preparation of chiral salen 
catalyst of claim 9, wherein LQ 3 is BF 3 , BC1 3 , BBr 3 or A1C1 3 . 

10 14. The method for the preparation of chiral salen 

catalyst of claim 9, wherein LQ 3 is BF3. 

15. The method for the preparation of chiral salen 
catalyst of claim 14 , wherein boron trifluoride is added in 

15 a form of boron trifluoride derivative chosen from boron 
trifluoride dihydrate, boron trif luoride-acetic acid 
complex , boron trifluoride t-butyl methyl etherate, boron 
trifluoride dibutyl etherate, boron trifluoride diethyl 
etherate, boron trifluoride dimethyl etherate, boron 

20 trif luoride-ethylamine complex, boron trif luoride-methanol 
complex, boron trif luoride-methyl sulfide complex, boron 
trifluoride-phenol complex, boron trif luoride-phosphoric 
acid complex, boron trif luoride-propanol complex, and boron 
trifluoride -tetrahydrofuran complex. 

25 
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16. The method for the preparation of chiral salen 
catalyst of claim 9, wherein M is Co. 

17 . The method for the preparation of chiral salen 
5 catalyst of claim 9, wherein said catalyst is represented 

by the following formula la or lb, 
[formula la] 

t-Bu 




t-Bu 



[formula lb] 



10 




wherein n is an integer of 0 to 4. 



18. A method for the preparation of chiral compound 
15 such as chiral epoxide or chiral 1,2-diol by 
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stereoselective hydrolysis, wherein the chiral salen 
catalyst of formula 1 of claim 1 is used. 

19. The method for the preparation of chiral 
5 compound of claim 18, wherein Xi, X 2 , X3, X 4 , X5, Xs, X7, Xa, 

Yi and Y 2 are independently chosen from H, Ci-C 6 alkyl group 
and C1-C6 alkoxy group. 

20. The method for the preparation of chiral 
10 compound of claim 18, wherein Xi, X 2 , X 3 , X 4 , X 5 , X 6 , X 7 and 

X 8 are independently H or t-butyl group; and both Y x and Y 2 
are H . 

21. The method for the preparation of chiral 
15 compound of claim 18 , wherein Ri and R'i are combined to 

form C 4 -C 6 carbocycle, and R 2 and R' 2 are H, C^-Ce alkyl 
group or Ci-C 6 alkoxy group; or R' 1 and R x are H, Ci-C 6 alkyl 
group or Ci-C 6 alkoxy group, and R 2 and R 7 2 are combined to 
form C4-C6 carbocycle. 

20 

22. The method for the preparation, of chiral 
compound of claim 18, wherein LQ3 is BF3, BC1 3 , BBr 3 or 
AICI3. 



25 23. The method for the preparation of chiral 
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compound of claim 18 , wherein LQ3 is BF3. 



24. 



The method for the preparation of chiral 



compound of claim 18, wherein M is Co. 

25. The method for the preparation of chiral 
compound of claim 18, wherein the said catalyst is 
represented by the following formula la or lb, 

[formula la] 

t-Bu 




[formula lb] 



t-Bu 




t-Bu 



wherein n is an integer of 0 to 4. 
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26. The method for the preparation of chiral 

compound of claim 18, wherein said racemic epoxide is 
represented by the following formula 4, 

[formula 4] 



0 




wherein R is Ci-Cio alkyl group, C 2 -C 6 alkenyl group, 
C 2 -C6 alkynyl group, C 3 -C 8 cycloalkyl group, Cx-Cio alkoxy 
group, phenyl group, carbonyl group, carboxy group, ketone 

10 group, aldehyde group, ester group, phosphoryl group, 
phosphonate group, phosphine group, sulfonyl group or 
(CH 2 )I-R 5 (wherein, R 5 is C 2 -C6 alkenyl group, C 2 -C 6 alkynyl 
group, C 2 -C 6 alkoxy group, phenyl, cycloalkyl, cycloalkenyl, 
heterocycle, polycycle, halogen atom, hydroxy group, amino 

15 group, thiol group, nitro group, amine group, imine group, 
amide group, carbonyl group, carboxy group, silyl group, 
ether group, thioether group, seleno ether group, ketone 
group, aldehyde group, ester group, phosphoryl group, 
phosphonate group, phosphine group, sulfonyl group and I is 

20 an integer of 0 to 8) 

27. The method for the preparation of chiral 
compound of claim 18 comprising steps of 

a) hydrolyzing racemic epoxide by reacting with water 
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in the presence of the chiral salen catalyst of claim 1, 

b) purifying the unreacted chiral epoxide or the 
hydrolyzed chiral 1,2-diol. 

5 28. The method for the preparation of chiral 

compound of claim 18 , wherein said purified chiral compound 
is a unreacted chiral epoxide. 



WO 03/002582 



1/7 



PCT/KR02/01219 



FIGURES 
FIG.1 

110.0% t 




40.0% t i r r— r— t— y i ' i "i."". i — c — i — i — i — i i — 

3hr 5br 3hr 7hr 6hr 9hr iObr 11hr 2<lhr 

TimeChrs) 



FIG. 2 



CO 

o 



s 

c 
o 
o 



140- 
120- 
100- 

SQ-- 

60 

40 H 

20 



-20 



, — 

6,005 



'Cat. of the present invention 
»• Comparative oatt 



0,010 0*015 0.020 0;025 

Concentration of cat 



0.030 



WO 03/002582 



2/7 



PCT/KR02/01219 



FIG, 3 




ii i 1 i * r ' i • i i i 

1 2 3. 4 5 6 

THe number of times reacting 



WO 03/002582 



3/7 



PCT/KR02/01219 



FIG. 5 




90,0% 4 1 -i . ^ . 1 1 1 1— 

3hr 5hr 6hr 7hr 24hr 

TimeChrs) 



Cat. pf the present (nventIonChRR-1) 
-m- Comparative o&LKOAC contained) 
Comparative cat2(Br contained) 



WO 03/002582 



4/7 



PCT/KR02/01219 



FIG. 6 

105.0% i 



QJ 




80.0% 1 — ■ J L » ' 

3hr 5hr 7hr 8hr 24br 

Time(hrs) 



^-3-RR-1:BF3(1:0.3) 
-o-3-RR-1;BF3(1:Q.4) 

Cat. of the present invention (l-RR-1 ) 
-*-3-RR-l:8F3(l:0.6) 
-A-3-RR-1 :BF3(1 '.0.7) 



WO 03/002582 



5/7 



PCT7KR02/01219 



FIG. 7 
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FIG. 9 
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